[1] We study the source locations of 130 solar flare-type II radio burst events with the associated interplanetary shocks observed by L1 spacecraft (type A events) and 217 flare-type II events without such shocks observed at L1 (type B events) during 3) The angular distance from the flare source to the Earth (defined as Y below) also contributes to the probability of the associated shock being observed at the Earth. The shock arrival probability decreases with the increment of Y and the mean initial shock speed increases with Y for those Earth-encountered shocks. (4) The so-called ''same-opposite side effect'' of the HCS is confirmed to exist. That is, the shocks whose associated flares are located on the same side of the HCS as the Earth (called as ''same side events'') have a greater chance of reaching the Earth than those shocks with their associated flares on the opposite side (''opposite side events''). Here for the first time, a comprehensive sample of solar transient events of both arriving and nonarriving ones (at Earth) is used to testify to the same-opposite side effect. These results would be valuable in understanding the solar-terrestrial relations, and helpful for space weather prediction.
Introduction
[2] It is widely accepted nowadays that nonrecurrent interplanetary (IP) and geomagnetic disturbances come from solar transient activities such as solar flares, erupting prominences, type II radio bursts, coronal mass ejections (CMEs) and so on. Arrival at the Earth of these transient disturbances usually indicates the possible initiation of geomagnetic storms if sufficiently long and sufficiently large magnitude southward components of the interplanetary magnetic field exist following the interplanetary disturbances [Dryer, 1994] . On the other hand, statistical studies have demonstrated that not all the solar transients happening at the frontside of the Sun hit the Earth and produce corresponding geoeffects [e.g., Cane et al., 2000; Park et al., 2002; Wang et al., 2002; Cid et al., 2004; Yermolaev et al., 2005; Zhao et al., 2006] . Many factors would affect the probability of a solar transient encountering the Earth, such as its source location, strength, angular width, propagation direction, speed, trajectory, surrounding coronal/interplanetary plasma and magnetic environment, and also its interaction with other transients and/or background solar wind as being pointed out by Cane et al. [2000] , Wang et al. [2004 Wang et al. [ , 2006 , and Zhao et al. [2006] .
[3] The source location of a solar transient is perhaps one of the most important factors. Webb et al. [2000] found that halo CMEs associated with surface activity within 0.5 R s of the Sun center appear to be an excellent indicator of increased geoactivity several days later. Cane et al. [2000] pointed out that most of the interplanetary ejecta observed at Earth are associated with halo CMEs within [E40°, W40°] in longitude. Especially, for the transients that produce strong geomagnetic disturbance at Earth, their solar source distribution has the east-west asymmetry in longitude. The great magnetic storms are usually caused by the solar transients coming from the Western Hemisphere [e.g., Wei et al., 1985; Wei and Deng, 1987; Wang et al., 2002; Cane and Richardson, 2003; Zhang et al., 2003; Zhao et al., 2006] . Zhao et al. [2006] used a large data set to statistically study the characteristics of solar flares associated with IP shock or nonshock events at L1 and found that the most probable location for flares associated with IP shocks at Earth is W20°in longitude. Our results also indicated that the flare-associated shocks originating from the longitudinal range of [E10°, W30°] would have higher probability to reach the Earth.
[4] The effect of the heliospheric current sheet (HCS) on the transmission and geoeffects of solar transients is another interesting topic. Wei et al. [1990 Wei et al. [ , 1991 studied the source distribution of 277 flare-shock events on the solar synoptic maps and found that the same side events whose sources are located on the same side of the HCS as Earth are more prone to arrive at Earth than the opposite side events, which is derived from the fact that the number of the same side events is much larger than that of the opposite side events among the total events. The idea of Wei et al. [1990 Wei et al. [ , 1991 has been demonstrated and applied by others [Dryer, 1994; Odstrcil et al., 1996; Tokumaru et al., 2000; Zhao and Feng, 2005] .
[5] In this paper, we follow the previous work of Zhao et al. [2006] and continue to search for the difference between two kinds of solar disturbances, i.e., those associated with/without IP counterparts observed at near Earth space. We lay emphasis on the latitudinal distribution this time. Especially we take into account the location and shape of the HCS, and calculate quantitatively the angular distance from flare source to the HCS. This latitudinal regulation combined with the longitudinal restrictions obtained by Zhao et al. [2006] would give a more explicit depiction of the impact of solar sources on the presence of the associated IP disturbances at Earth. We utilize the same data set as Zhao et al. [2006] and use solar flare as a proxy for solar transient activity. It is well known that after a long debate on the controversial ''solar flare myth'' controversy, people begin to know that CMEs and flares are closely correlated solar transient phenomena regarded as the solar source of the IP disturbances. CMEs and flares are probably two phenomena in one process just as recognized by many previous studies [e.g., Dryer, 1996; Harrison, 1996; Zhao et al., 2006] .
Data Set
[6] We use the data set of 347 solar flare-type II radio burst events during February 1997 -August 2002 collected by Zhao et al. [2006] . The near Sun observations of these events include: (1) the start time of the event denoted by the beginning of the metric type II burst; (2) solar activity location provided by optical H a flare observations; (3) initial coronal shock speed estimated by the metric radio type II temporal drift in plasma frequency with the use of a coronal density model; (4) piston driving time suggested by the proxy duration of the GOES spacecraft's soft X-ray enhancement due to the flare; (5) flare intensity defined by the maximum flux of X-rays (of wavelength 0.1 to 0.8 nm) during the flaring process; and (6) background solar wind speed. The type II radio burst is interpreted as the signature of shock wave initiation in the solar corona. Out of the 347 events in our sample, there are 130 shock events with presence of an associated interplanetary shock observed at L1 spacecraft about 1 -5 days later, which are marked as type A events. The other 217 nonshock events without the associated IP shock observed at the near Earth space are marked as type B. The whole data set covers an uninterrupted period of about 5 years during the rising and maximum phase of solar cycle 23, and they can serve as an unbiased database for statistically studying the solar/ interplanetary transient disturbance and their geoeffects. The detailed information about these events can be found in space weather ''Fearless Forecast'' of Fry et al. [2003] and McKenna-Lawlor et al. [2006] .
Statistical Analysis

Heliographic Latitude
[7] The heliographic coordinate system is widely used in describing the location of a point on the solar surface. Figure 1 gives the heliographic latitude variation versus occurrence time for these 347 solar flares including both type A and type B events. It can be seen from this figure that solar flares do not appear randomly on solar surface but are concentrated in two latitude bands on either side of the equator. At solar activity minimum years, solar flares are mainly concentrated near ±30°; as solar activity increases, flares emerge closer and closer to the equator in the course of a cycle and reach about ±15°at solar maximum years of 2001 and 2002. The distribution straddles the solar equator, and looks like two wings of a butterfly. Such a latitudinal distribution characteristic is similar to the well-known butterfly diagram of sunspots, suggesting that this might be an intrinsic feature of solar active regions. This is also consistent with previous studies [e.g., Maunder, 1904; Byrne et al., 1964; Knoska and Krivsky, 1978; Li et al., 1998; Mari and Popescu, 2004] .
[8] Figure 2 gives the event number histogram of solar flares along their heliographic latitude for type A (Figure 2a ) and type B (Figure 2b) . The x coordinate in this figure represents the latitude bins of flares, and the y coordinate E10°, W30°] is the predominant source region on solar disk from which nonrecurrent geoeffective solar disturbances most likely originate. This is a closed rectangular region including the disk center of the Sun. Solar transient disturbances originating from this region would have higher probability to reach the Earth and cause relatively intense geomagnetic activity. Although the region boundary is derived from statistical study and is only a coarse estimation, this region can be used as a helpful guide to roughly judge a solar transient's geoeffectiveness by only basing on its source location.
[9] For type A events in Figure 
The Relative Locations of the Flare Source, the HCS, and the Earth
[10] The above discussed heliographic latitude is in fact the angular distance from flare source to the solar equator. In order to depict the relative positions between the flare source, the heliospheric current sheet (HCS) and the Earth quantitatively, we define new parameters of l S and Y. Here l S is the angle from the flare source to the HCS, thus denotes the latitude relative to the HCS (abbreviated as LRHCS) of flares; while Y stands for the angular distance from source to the Earth (abbreviated as ADFSE). We use one event as an example to show how to obtain these two parameters. The type II radio burst of this event started at 03:18 UT on 8 August 1998 with an associated M3.0 solar flare located at N30°E09°; the estimated initial shock speed is 600 km/s, and the corresponding IP shock arrived at the L1 spacecraft, ACE, at 22:40 UT on 11 August. Figure 3a gives the spread of the flare source on the contour of the solar source surface magnetic field for CR 1939 located at 2.5 solar radii from the Wilcox Solar Observatory (http:// wso.stanford.edu/). This Carrington rotation started at 09:44 UT on 1 August 1998 and ended at 16:20 UT on 28 August, containing the time of this event. The thick red line in this figure is the HCS at 2.5 Rs. On the basis of the start time and flare location, we find the point S for the source location in Figure 3a . P is the foot of the perpendicular from the point S onto the HCS, meaning that the spherical distance from S to P is the shortest arc. E denotes the Earth location at the start time of the event, and H is its foot of the perpendicular on the HCS. The LRHCS of the flare, i.e., l S , is ffSOP as shown in Figure 3b . Figure 3b is the three-dimensional display of Figure 3a . The spherical surface in Figure 3b is the source surface at 2.5 solar radii, and the gridding denotes the heliographic longitude and latitude projected onto the source surface. The shape and location of the HCS, point S, P, E in Figure 3b are the same as those in Figure 3a . The LRHCS of solar flare l S can be obtained from the following equation:
Here (q S ; f S ) and (q P ; f P ) denote the heliospheric longitude and latitude of S and P in Figure 3a . Another parameter Y is angle ffSOE, that is:
and (q E ; f E ) stands for the heliospheric longitude and latitude of E in Figure 3a . The Y, defined in this way, presents the angular span from the solar transient's erupting normal to the Sun-Earth direction. It will be seen below that this parameter Y can have an effect on the propagation/ arrival of the associated IP shock. From Figure 3a or 3b, 8 August 1998 flare is located on the opposite side of the HCS as the Earth. Then this event is called a ''opposite side'' event. Otherwise, the event will be called a ''same side'' event. For the 347 events in our data set, we compute l S and Y for each event, and divide it into the same side or opposite side category. In the following, we try to investigate the contribution of these new defined parameters to the associated shock's arrival probability at the Earth. These new parameters include l S , Y, and whether the flare and the Earth are on the same side or on opposite side of the HCS. They are discussed in the following three subsections, respectively. 3.2.1. Latitude Relative to the Heliospheric Current Sheet (l s )
[11] Figure 4 gives the event number percentage distribution of type A and type B along l S . Similar to heliographic latitude, l S is defined to be positive when the flare lies to the north of the HCS and negative on the other hand. In this figure, N 
[12] Therefore P i and p i , derived in this way, reflect the relative percentage of type A and type B events within fixed l S interval. The solid line in Figure 4 denotes the percentage of type A events (P i ) every 20°along l S ; and the dashed line denotes the corresponding percentage of type B events (p i ). The event numbers of N i and n i in each bin are shown on the solid/dashed lines together with V i and v i (in units of km/s), which represents the mean value of initial shock speed for these N i type A events (V i ) or n i type B events (v i ). Figure 4 indicates that the event percentage is not averagely distributed along solar flare's l S . The percentage of type A events decreases gradually when l S approaches zero, while that of type B events increases. The percentage of type A is minimum at [À10°, 10°] of l S . This means that the shocks originating near the HCS have a smaller probability of reaching the Earth. The HCS, as we know, is the magnetic field reversal region embedded within the heliospheric plasma sheet (HPS) with high density and low solar wind speed. Therefore the interaction of solar transient disturbances with the HCS/HPS would greatly change the propagation process and signatures of these solar disturbances [e.g., Wu and Dryer, 1997; Smith et al., 1998; Hu and Jia, 2001] . That is to say, the shocks near the HCS would have larger probability of interacting with the HCS and then to weaken or even dissipate before reaching the Earth.
[13] Figure 4 also shows that the mean value of initial shock speed of type A events is larger than that of type B events at all the five l S intervals, i.e., V i > v i for i = 1; 2; . . . ; 5. The initial shock speed, as we know, can be regarded as a proxy for the energy of solar transient events and used as input for predicting shock arrival time in the prevalent ''fearless forecast'' models. Especially, the ISPM model supposed that the total energy of a solar transient event is expected to be proportional to the kinetic energy flux, i.e., E / V s 3 Dryer, 1990, 1995] . This means that the energy of type A shock-associated events is higher than that of type B nonshock events in statistical sense. That is to say, the shocks of more energy would have larger probability to arrive at Earth before decaying into ordinary MHD waves during their passage. This is consistent with the work of Zhao et al. [2006] , where the X-ray peak flux is used as an indicator for the total energy released in the flaring process. Another thing to mention is that for the type A events originating near the HCS (l S within [À10°, 10°]), the mean value of their initial shock speed (V 3 = 1012 km/s) is larger than the nearby value of V 2 and V 4 . Therefore we can say that only the higher speed shocks have possibility to arrive at Earth if the shock originates near the HCS. Stated differently, this result again indicates the low probability of arrival for the shocks near the HCS, even for relatively high-speed shocks.
Angular Distance From Flare Source to the Earth (Y)
[14] The event number percentage distribution along Y, i.e., the angular distance from the flare source to the Earth, is shown in Figure 5 . In this figure, N Figure 5 indicates that the percentage of type A event decreases with the increment of Y, while that of type B increases. This reveals the potential contribution of Y to the IP shock's arrival ability. As a reasonable approximation, the flare source can be regarded as the originating place of the associated shock on solar surface; then the line through the Sun center and the flare source (OS in Figure 3b ) is assumed to be the shock's erupting normal, which can be taken as the main propagation direction of the shock in interplanetary space; also, the shock intensity is the strongest along the main propagation direction; therefore, large Y event corresponds to the large deviation from the shock's main propagation direction to the Sun-Earth line; the flank of a shock is relatively weak, then the satellites at L1 would have a higher probability to miss the shock in this case. This is why the shocks associated with solar flares erupting far away from the Sun-Earth direction would have less probability to arrive at Earth. It can also be seen from Figure 5 that the percentage of type A events is larger than that of type B events when Y 40°, but the type A percentage decreases dramatically when Y exceeds 40°. As for the initial shock speed, the mean value of type A events (V i ) is higher than that of the corresponding type B events (v i ) on each Y interval, which is consistent with ; on the other hand, the mean shock speed of type A events, i.e., V i , increases with the increment of Y. This implies that the larger the angular distance is, the more energy is needed for the IP shocks to reach Earth. But the extremely high value of V 6 may not have the general representative as the event number of N 6 is only one. For the type B events, their mean shock speed v i do not change evidently along Y except for the last one, v 6 . While, the type B event number in the last interval is also little, i.e., n 6 = 4. For the same reason, the abnormity of v 6 does not have much significance in statistical sense.
The Same Side-Opposite Side Effect
[15] As the HCS is the most important structure in an undisturbed interplanetary medium, its effect on the propagation of solar disturbances and corresponding geoeffects has attracted extensive attention both in data analysis and simulation. Much of this kind of work is pursued in terms of the relative positions between the source of solar transients and the observer (i.e., the Earth) with respect to the HCS in order to investigate the effect of the HCS on the propagation properties of these transient disturbances. This approach is appropriate because of lack of sufficient observations at the larger (>1 AU) distances in the interplanetary medium. Henning et al. [1985] pointed out that solar flares located on the same side of the HCS as the Earth would likely produce larger geomagnetic disturbances than flares located on the opposite side. Wei et al. [1990 Wei et al. [ , 1991 studied the source distribution of 277 flare-shock events under a newly established flare-HCS coordinate system. They found that the same side event number was larger than the opposite side event number and also that the strong shocks and corresponding geomagnetic storms were usually associated with the same side events. This indicates that the HCS might have the ''impeding'' effect on the trans-propagation of shocks in interplanetary space. Recently, the source distribution of nearly 100 CME-ICME conjugated events have been investigated [Zhao and Feng, 2005; Feng and Zhao, 2006] , and it is found that the same side event number is about three times as large as that of the opposite side event. However, all these conclusions are only based on the solar activities for which the related interplanetary counterparts (IP shock or ICME) were observed at Earth. The solar events with no such IP manifestations at Earth were not discussed in those works. On the other hand, Hu and Jia [2001] presented a one-dimensional analysis and 2.5-dimensional MHD simulations on the interplanetary shock interaction with the HCS and its associated structures; they found that the HCS alone is transparent for any interplanetary shocks. Therefore a more reliable witness about the same-opposite side effect should be based on a comprehensive and unbiased sample of solar transient activities both with and without the associated IP counterparts at Earth.
[16] Our data set gives 347 solar flare-type II radio burst events covering an uninterrupted time period during February 1997 -August 2002. For the total events, 212 of them are the same side events with flares located on the same side of the HCS as the Earth, and the same side events account for 61% of the total; the other 135 events belong to the opposite side ones, which account for 39%. We can see that the same side percentage is larger than the opposite side percentage during the total events including both shockassociated and nonshock-associated flares. However, the same-opposite side percentages are not equal for type A and B events. For the 130 type A events, 94 of them are the same side events and their same side percentage is 72%, larger than 61% of the total events. While for the 217 type B events, only 118 of them are the same side ones; the same side percentage of type B is 54%, lower than 61%. The comparison between our same-opposite side percentages obtained here and those published in previous papers are listed in Table 1 . We can see from Table 1 that the same side percentage of type A events (72%) is fairly consistent with previous results [Wei et al., 1990 [Wei et al., , 1991 Zhao and Feng, 2005; Feng and Zhao, 2006] where only solar events with IP manifestations at Earth were discussed. But the previous papers exclude those solar events without IP disturbances. Here our analysis is based on solar transient events with and without IP disturbances and shows the opposite side percentage of those nonshock-flares (type B) to be higher than that of the shock-associated flares (type A) revealing the underlying ''impeding'' effect of the HCS on the transpropagation of IP shocks when the flare source is located on the opposite side of the HCS as the Earth.
[17] To explore further the effect of the HCS on the arrival of the shock at the Earth, we compare the shock arrival probabilities for the same side (S.S.) and opposite side (O.S.) events in a more direct way. The total same side event number is 212, and 94 of them have the associated shock being observed at Earth (accounting for 44.3%). While among the total 135 opposite side events, only 36 of their shocks arrived at Earth (26.7%). However, we should keep in mind that this same-opposite side sorting depends on the relative locations between the flare source, the HCS, and the Earth. Then the angular distance from the flare source to the Earth location (Y) is the most related parameter to this kind of sorting. Generally speaking, the flare has a high chance of lying on the opposite side of the HCS from the Earth for the large Y events. Specific calculations show that the averaged Y for these 212 same side events is 44°, less than the averaged value of 58°for those 135 opposite side events. Unfortunately, Y has evident contribution to the associated shock's arrival probability as discussed previously. In order to exclude the contribution of Y, the same-opposite side effect of the HCS is explored using event with equivalent angular distances of Y. Figure 6 gives the percentage distribution of type A (solid line) and type B (dashed line) events along Y, where the same side and opposite side events are treated separately. The same side distribution is displayed on the right-hand half of the Figure 6 that the percentage distribution is not symmetrical about the central dotted line. The solid line within each Y bin in the right half is higher than that within the relevant Y bin in the left half; while the dashed line distribution is on the contrary as required. This means that for a group of solar flares with similar angular distances (including both same side and opposite side), the IP shocks associated with the same side flares would have larger probability to reach Earth than those associated with the opposite side flares. This is straightforward evidence for the effect of the HCS on the shock's trans-propatation in interplanetary medium as the contribution of Y is eliminated. As for the mean shock speed, the type A event speed is larger than that of type B for both same side and opposite side events, i.e., V Si > v Si and V Oi > v Oi for i = 1; 2; 3; while among the type A events, the speed of the opposite side events is larger than that of the same side events, i.e., V O1 > V S1 , V O2 > V S2 and only V O3 < V S3 where the event numbers N S3 and N O3 are merely 6. This implies that for the events with the same angular distances of Y, the opposite side shocks need more energy (proportional to V 3 as assumed) to transport through the HCS and then arrive at Earth, demonstrating another aspect of the potential ''impeding'' effect of the HCS on shock propagation.
Summary
[18] Here are investigated the source properties of 130 flare-shock events (type A) and 217 flare-nonshock events (type B) during an uninterrupted period of February 1997 -August 2002. It is found that most of these flares (including type A and B) are distributed within [S30°, N30°] in heliographic latitude, and that [S30°, N30°] Â [E10°, W30°] is the predominant source region on solar disk, including the majority of geoeffective solar flares. We also probe the distribution of flare source relative to the HCS. The statistical results indicate that the shocks associated with flares near the HCS have a lower probability of reaching the Earth. This might be caused by the interaction between the shock and the HCS that weakens the intensity of the shock as a result. The angular (azimuthal) distance from the flare source to the Earth (Y) also has an effect on the associated shock's arrival at the Earth, with the shocks associated with large Y flares having a smaller probability of reaching the Earth. For the Earth-encountered shocks, their initial speeds increase with the increment of Y in a statistical sense. Furthermore, for the first time, the sameopposite side effect of the HCS is confirmed by using an unprejudiced set of both arriving and nonarriving (at the Earth) solar transients. The shocks associated with solar flares located on the same side of the HCS as the Earth have a greater chance to reach the Earth than those shocks with the associated flares on the opposite side. This superiority of the same side events still exists among the same-opposite side events with the same angular distance of Y. In this context, the ''impeding'' of the HCS turns into the exclusive explanation if other factors are neglected.
